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Chronic viral hepatitis is a key risk factor for liver fibrosis and hepatocellular carcinoma (HCC) [1]. Although the clinical course of virus-induced liver disease is similar in chronic hepatitis B and C, the mechanisms and challenges of disease management are distinct. While an efficient preventive hepatitis B virus (HBV) vaccine is available, chronic HBV infection can only be controlled by the current standard of care and is rarely cured. The contrary holds true for hepatitis C virus (HCV), where previous attempts to develop a vaccine were in vain, but novel direct-acting antivirals (DAA) rendered HCV into a curable disease. HCV-associated hepatic and extrahepatic complications of chronic infection, i.e., metabolic syndrome, fibrosis, and HCC, are significantly decreasing in clinical cohorts after sustained virologic response. However, the risk of developing HCC cannot be fully eradicated, especially in patients with advanced liver disease [2,3]. For HBV, a controlled infection by nucleos(t)ide analogues decreases liver disease progression and HCC risk; however, like in HCV-cured patients, a fraction of patients still develop cancer [4,5]. This suggests persistent alterations in the liver, which are induced during chronic infection with HCV or HBV that cumulate until a tip-over, a point of no return for individual patients. Thus for HCV, it is estimated that although viral cure can be achieved in almost all patients treated with DAAs, the peak of HCV-associated liver diseases and HCC may yet to come [6,7]. These facts highlight an important, yet unsolved problem: how can we identify the fraction of cured HCV patients or patients with suppressed HBV viremia that are at still-elevated HCC risk? Moreover, how can we improve the care of these patients that were stratified for closer follow-up with novel clinical strategies, e.g., by HCC chemoprevention? In recent years, it has become clear that only a joint effort of translational scientists and clinicians will be able to provide answers to these eminent questions and develop innovative strategies for reliable biomarkers and novel chemo-preventive strategies aiming at halting liver disease progression and preventing HCC post-HCV cure or in treated HBV patients.



The present Special Issue provides an interdisciplinary view on the current challenges in the post-HCV cure era. It outlines the urgently required next steps to tackle the aftermath of the HCV epidemic to improve the care of HCV-cured patients at risk of developing HCC. Furthermore, this Special Issue reviews the risk of HCC in the treatment of patients with chronic hepatitis B.



First, the HCC risk needs to become measurable in patients using recent advances in omics studies and biomarker development. Naoto Kubota reviews the clinical and molecular determinants available to predict HCC risk including large transcriptional signatures and artificial intelligence [8]. Identified transcriptomic signatures are resulting from underlying virus-induced pro-fibrotic and pro-oncogenic signaling as reviewed by Alessia Virzì [9]. The understanding and mapping of virus-induced signaling and secreted signaling components open new avenues for the identification of minimal-invasive blood biomarkers to identify HCC risk patients. This may help to further increase the reliability of existing biomarkers and avoid liver biopsies. Since signaling and a pro-inflammatory environment can cause metabolic alternations, Chung-Man Moo provides opportunities to exploit hepatic metabolites in normal and cirrhotic livers with and without HCC using proton magnetic resonance spectroscopy with a long echo time [10]. They demonstrated that this method can be used to quantify lactate and triglyceride as well as choline in HCC, which they found elevated in patients with HCC. Along the same line, Silvano Fasolato identified a dysregulated proprotein convertase subtilisin/kexin type 9 (PCSK9), a regulator of lipid homeostasis in HCV-infected livers with and without HCC [11]. It becomes more and more evident that chronic viral infection leaves epigenetic footprints in the host genome, contributing to persistent metabolic changes and cancer risk in patients with suppressed infection or viral cure, as reviewed by Tom Domovitz for HCV [12] and Mirjam Zeisel for HBV [13]. Importantly, some of these changes can be reversed by experimental epidrugs highlighting a potential for new chemo-preventive strategies targeting underlying epigenetic mechanisms. The genetic impact of chronic viral hepatitis results in an evident accumulation of DNA mutations. The genetic damage associated with viral-hepatitis-induced HCC is summarized by Camille Péneau [14]. Beyond the genetic and epigenetic determinants of accumulated and persistent HCC risk are the immunological mechanisms induced by HCV as reviewed by Pil Soo Sung [15] and more specifically for CD8+ T-cell responses by Maike Hofmann [16]. What are the clinical challenges and opportunities of patient stratification and the translation of the experimental concepts into practice? Addressing these important questions, Pierre Nahon provides an overview of the current practices and challenges of patient stratification according to HCC risk during HBV control and after HCV cure [17]. Finally, Shen Li’s reviews emphasize secondary prevention strategies of HCC development and its translational challenges [18].



In summary, the articles published within this research topic not only give a highly comprehensive overview of the recent developments and challenges of virus-induced liver cancer risk but also highlight perspectives and opportunities for the discovery and development of biomarkers and chemo-preventive approaches for patients at HCC risk.






Author Contributions


Writing—review and editing, J.L. and T.F.B.; funding acquisition, J.L. and T.F.B. All authors have read and agreed to the published version of the manuscript.




Funding


The authors acknowledge research support by the European Union (EU H2020-HEPCAR #667273 to J.L. and T.F.B., ERC AdG ERC-AdG-2014-HEPCIR #671231, and ERC PoC-HEPCAN #862551 to T.F.B.), the French Cancer Agency (TheraHCC2.0 IHU201901299), the Agence Nationale de Recherche sur le Sida et les hépatites virales (ANRS ECTZ103701, ECTZ131760, ECTZ160436, ECTZ171594 to J.L., ANRS ECTZ104017 and ECTZ75178 to T.F.B.), the Fondation de l’Université de Strasbourg (HEPKIN) (TBA-DON-0002) and the Inserm Plan Cancer 2019–2023, and the US National Institute of Health (R01CA233794). This work of the Interdisciplinary Thematic Institute IMCBio, as part of the ITI 2021–2028 program of the University of Strasbourg, CNRS, and Inserm, was supported by IdEx Unistra (ANR-10-IDEX-0002) and by the SFRI-STRAT’US project (ANR 20-SFRI-0012) and EUR IMCBio (ANR-17-EURE-0023) under the framework of the French Investments for the Future Program.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Villanueva, A. Hepatocellular Carcinoma. N. Engl. J. Med. 2019, 380, 1450–1462. [Google Scholar] [CrossRef] [PubMed]

	



Baumert, T.F.; Berg, T.; Lim, J.K.; Nelson, D.R. Status of Direct-Acting Antiviral Therapy for Hepatitis C Virus Infection and Remaining Challenges. Gastroenterology 2019, 156, 431–445. [Google Scholar] [CrossRef] [PubMed]

	



Fujiwara, N.; Friedman, S.L.; Goossens, N.; Hoshida, Y. Risk factors and prevention of hepatocellular carcinoma in the era of precision medicine. J. Hepatol. 2018, 68, 526–549. [Google Scholar] [CrossRef] [PubMed]

	



Cho, J.Y.; Paik, Y.H.; Sohn, W.; Cho, H.C.; Gwak, G.Y.; Choi, M.S.; Lee, J.H.; Koh, K.C.; Paik, S.W.; Yoo, B.C. Patients with chronic hepatitis B treated with oral antiviral therapy retain a higher risk for HCC compared with patients with inactive stage disease. Gut 2014, 63, 1943–1950. [Google Scholar] [CrossRef] [PubMed]

	



Hu, G.; Huang, M.X.; Li, W.Y.; Gan, C.J.; Dong, W.X.; Peng, X.M. Liver damage favors the eliminations of HBV integration and clonal hepatocytes in chronic hepatitis B. Hepatol. Int. 2021, 15, 60–70. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Q.; Ayer, T.; Adee, M.G.; Wang, X.; Kanwal, F.; Chhatwal, J. Assessment of Incidence of and Surveillance Burden for Hepatocellular Carcinoma among Patients with Hepatitis C in the Era of Direct-Acting Antiviral Agents. JAMA Netw. Open 2020, 3, e2021173. [Google Scholar] [CrossRef] [PubMed]

	



Wedemeyer, H.; Dore, G.J.; Ward, J.W. Estimates on HCV disease burden worldwide–filling the gaps. J. Viral Hepat. 2015, 22, 1–5. [Google Scholar] [CrossRef] [PubMed]

	



Kubota, N.; Fujiwara, N.; Hoshida, Y. Clinical and Molecular Prediction of Hepatocellular Carcinoma Risk. J. Clin. Med. 2020, 9, 3843. [Google Scholar] [CrossRef] [PubMed]

	



Virzi, A.; Gonzalez-Motos, V.; Tripon, S.; Baumert, T.F.; Lupberger, J. Profibrotic Signaling and HCC Risk during Chronic Viral Hepatitis: Biomarker Development. J. Clin. Med. 2021, 10, 977. [Google Scholar] [CrossRef] [PubMed]

	



Moon, C.M.; Shin, S.S.; Heo, S.H.; Jeong, Y.Y. Metabolic Alterations Associated with Early-Stage Hepatocellular Carcinoma and Their Correlation with Aging and Enzymatic Activity in Patients with Viral Hepatitis-Induced Liver Cirrhosis: A Preliminary Study. J. Clin. Med. 2020, 9, 765. [Google Scholar] [CrossRef] [PubMed]

	



Fasolato, S.; Pigozzo, S.; Pontisso, P.; Angeli, P.; Ruscica, M.; Savarino, E.; De Martin, S.; Lupo, M.G.; Ferri, N. PCSK9 Levels Are Raised in Chronic HCV Patients with Hepatocellular Carcinoma. J. Clin. Med. 2020, 9, 3134. [Google Scholar] [CrossRef] [PubMed]

	



Domovitz, T.; Gal-Tanamy, M. Tracking Down the Epigenetic Footprint of HCV-Induced Hepatocarcinogenesis. J. Clin. Med. 2021, 10, 551. [Google Scholar] [CrossRef] [PubMed]

	



Zeisel, M.B.; Guerrieri, F.; Levrero, M. Host Epigenetic Alterations and Hepatitis B Virus-Associated Hepatocellular Carcinoma. J. Clin. Med. 2021, 10, 1715. [Google Scholar] [CrossRef] [PubMed]

	



Peneau, C.; Zucman-Rossi, J.; Nault, J.C. Genomics of Viral Hepatitis-Associated Liver Tumors. J. Clin. Med. 2021, 10, 1827. [Google Scholar] [CrossRef] [PubMed]

	



Sung, P.S.; Shin, E.C. Immunological Mechanisms for Hepatocellular Carcinoma Risk after Direct-Acting Antiviral Treatment of Hepatitis C Virus Infection. J. Clin. Med. 2021, 10, 221. [Google Scholar] [CrossRef] [PubMed]

	



Hofmann, M.; Tauber, C.; Hensel, N.; Thimme, R. CD8+ T Cell Responses during HCV Infection and HCC. J. Clin. Med. 2021, 10, 991. [Google Scholar] [CrossRef] [PubMed]

	



Nahon, P.; Vo Quang, E.; Ganne-Carrie, N. Stratification of Hepatocellular Carcinoma Risk Following HCV Eradication or HBV Control. J. Clin. Med. 2021, 10, 353. [Google Scholar] [CrossRef] [PubMed]

	



Li, S.; Saviano, A.; Erstad, D.J.; Hoshida, Y.; Fuchs, B.C.; Baumert, T.; Tanabe, K.K. Risk Factors, Pathogenesis, and Strategies for Hepatocellular Carcinoma Prevention: Emphasis on Secondary Prevention and Its Translational Challenges. J. Clin. Med. 2020, 9, 3817. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcm-11-00208


  
    		
      jcm-11-00208
    


  




  





media/file0.png





